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Abstract 

A study of the behavior of two types of geogrids used to reinforce sandy soil under strip 
footings. Three layers of Netlon CE121 and Tensar SS2 geogrid were used. A series of a 
laboratory tests were performed to compare the estimate a bearing capacity of sand with and 
without using geogrids. The aim of the study is to measure the strain and elongation occurring 
in the ribs of Tensar SS2 geogrid only. TML strain gauges and other required accessories are 
used for this purpose. The soil is loaded with a rate of loadings 1 mm/s in order to simulate a 
static loading case with relative density of sand as 71.8 % using raining technique. It is found 
that the use of geogrids gives a bearing capacity with geogrid to bearing capacity without 
geogrid (BCR) of 1.9 and 2.5 for Netlon CE121 and Tensar SS2 respectively. The results 
founded also that the strain and elongation decrease gradually when the depth under footing 
increases as well as the distance from the centerline of footing. The strain in geogrid ribs 
approaches zero at a depth of about the width of footing (B) and a distance of about 3.6B 
from the centerline of footing. The strain and elongation have vanished in the third layer 
located at depth B beneath the footing. 

Keywords : sandy soil, bearing capacity, Tensar SS2 geogrid, Netlon CE121 geogrid, 
strain and elongation of geogrid. 
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I. INTRODUCTION 

The term reinforced soil describes any soil mass which has had its shear strength 
improved by combining it with resisting elements; these resisting elements, or 
reinforcement may take the form of bars, strips, tubes, grid or sheets. Reinforcement 
can be used as cither a permanent component of a reinforced soil structure or simply 
to provide a temporary increase in soil shear strength to allow the construction of an 
adjacent structure. The observed increase in soil shear strength of a reinforced soil is 
always a direct result of relative soil -reinforcement displacement (Pedley. 1990). 

Fannin (1986) studied the mechanisms by which a geogrid acts to reinforce a 
granular layer over soft clay with reference to trafficking of unpaved roads Both 
model and full scale physical tests are performed. Model tests were carried out for 
monotonic and cyclic loading of a dual footing on a layer of granular material that 
was compacted over a consolidated kaolin sample The tests were made in conditions 
of plane strain at a quarter scale, and included a scaled geogrid at the base of the 
granular layer Measurements of footing load, displacements and photographic 
observations through a Perspex front face to the test box were used to identify the 
reinforcing actions of the geogrid. The results for both reinforced and unreinforced 
layers analyzed by a virtual work procedure Load tests were made on footing plates 
at full scale, involving a similar of compacted granular layers over prepared London 
clay and including a high strength polymer geogrid a qualitative assessment of 

the model performance and the reinforcing mechanisms attributed to the geogrid was 
resulted from the examination. 

Al-Omari et al. (1987) used a steel discs and the plastic geomesh Netlon CE121 
as reinforcing materials to investigate the relation of interlocking mechanism to the 
aperture size (T) of the geogrid mesh Triaxial compression tests on 100 mm diameter 
sand samples was conducted. Perforations performed with constant diameter 
systcmically into each steel disc. The ratio of the aperture size of the steel mesh to the 
grain size of the sand D 50 was varied in the test but the area of holes to the area of 
solid is kept constant in each disc The conclusions of the study is summarized 
throughout the following points as the strength enhancement in mesh reinforced sand 
depends on the mechanism of interlocking which is in turn affected by the ratio of 
aperture size to particle diameter The peak stress ratio (ol/o3) of mesh reinforced 
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sand increases to a maximum at T/D.so- 13.5 and then drops beyond this value The 
use of plastic mesh with the appropriate stiffness and the appropriate aperture size 
makes the strength of the sand approximately independent of the sand density 

Hameed (1990) used dried sand (ARAR) passing through sieve No 4 and five 
types of geogrid polymer reinforcement were used: Netlon CE1I1, Netlon CE12I, 
Tensar SSL Tensar SS2 and Tensar SS3 in two main series, pull-out tests and impact- 
load tests, using five types of reinforcement at different depths of the top most 
reinforced layer (u) and different number of layers (N). It has been concluded that the 
pull-out resistance increased with increasing the depth of the top most reinforcement 
layer, the number of the reinforcement layers and the stiffness of the reinforcement. 
The resistance of soil due to impact load improved with the use of reinforcement It 
was observed that the peak value occurs at u=B/3 (where B is the width of footing) 
No significant improvement in the efficiency for the layers of reinforcement more 
than three 

Patra et a! (1998) presented laboratory model test results for the ultimate 
bearing capacity of a strip foundation supported by multi-layered geogrid-reinforced 
sand The depth of embedment of the model foundation, d,. was varied from zero to H 
(width of foundation). Only one type of geogrid and one type of sand at the same 
relative density were used The ultimate bearing capacities obtained from the tests 
have been compared with the theory developed by Huang and Menq (1997) They 
concluded that for the same soil, geogrid and its configuration, the ultimate bearing 
capacity and BCR increases with the increase in embedment ratio dfH and The 
theoretical relationship for ultimate bearing capacity developed by Huang and Menq 
(1997) provides somewhat conservative predictions. 

Shin and Das (2000) conducted small-scale laboratory model test results the 
ultimate bearing capacity of a strip foundation supported by sand reinforced with 
multiple layers of geogrid. Only one type of sand and one type of geogrid were used 
Tests were conducted for surface foundation conditions and for foundations at various 
depths; the foundation depths were limited to less than the width of the foundation 
Based on the test results, for a given thickness of the reinforcement zone, the bearing 
capacity ratio increases when the depth of the foundation is greater than zero 
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Lovisa et al (2010) investigated experimentally the degree of improvement 
generated by prestressing the geosynthetic layer for several embedment depths of a 
footing resting on a reinforced sand bed Laboratory physical model tests and finite 
element analyses were conducted to study the behavior of prestressed geotextile- 
reinforced sand bed supporting a loaded circular footing The addition of prestress to 
the geotextile reinforcement results in significant improvement to the settlement 
response and the load-bearing capacity of the foundation For a surface footing, the 
load-earning capacity at 5 mm settlement for the prestressed case (with prestress 
equal to 2% of the allowable tensile strength of the geotextile) is approximately 
double that of the geotextile reinforced sand without prestress The beneficial effects 
of the prestressed geotextile configuration were evident for greater footing depths, in 
comparison with unreinforced and reinforced (without prestress) counterparts 
Experimental and numerical results were also used to validate a few empirical 
relationships, which are commonly used for solving soil -structure interaction 
problems The results obtained from finite element analysis using the program, 
PLAX1S are generally in reasonable agreement with experimental results 

2. MATERIALS AND TESTING 
2.1 Materials 

The soil used is SP sand with a the chemical and physical properties shown in 
table I sieve analysis carried out its grain size distribution according to ASTM 
(D422-2007) is shown in Fig. 1. The soil was classified as SP type ( Poorly graded 
sand, gravelly sand, little or no fines) according to the Unified Soil Classification 
ASTM (D4253-2007) and ASTM (D4254-2007) were used to determine the 
maximum and minimum dry unit weight The principle for achieving a relative 
density larger than 70% was used to fill the box of test To achieve that, the raining 
technique using a special equipment as shown in Fig 2 is adopted The porosity was 
measured by placing 6 cylindrical density pots under the moving hopper to collect the 
sand The inside dimensions of the pots are 80 mm in height and 80 mm in diameter, a 
pot diameter larger than 3 inches was chosen to satisfy the requirements specified by 
Kolbuszewski (1948) for free fall method deposition of sand, the pots were carefully 
collected and the excess sand leveled off using a straight-edge. The pots were then 
individually weighed With the known value of the specific gravity, the porosity can 
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be calculated The calibration was performed twice for the second and third layer of 
sand deposit before starting the test A height of drop of (800 mm) was chosen which 
gave a placing density of 16 7 kN/m\ which corresponds to a working void ratio, 
porosity and relative density of (e -^53.9%), (n = 35%) and (RD - 71 8%) 
respectively Notion CE12I and Tensar SS2 geogrids are used The typical properties 
of these types are shown in tables 2 and 3 respectively. TML strain gauges, Sli tape 
and compatible adhesive type C’V shown in Fig 3 are used to measure the strain 
occurring in the ribs of geogrid 


Table I. Chemical and 


physical properties of the soil 


The chemical Properties 

Soi 

0.53% 

T.D.S 

0 73% 

Gypsum 

1 15% 

The physical properties 

G s 

2.62 

Ydmin 

13.8 


kN/nv 

^ dma.v 

18.2 


kN/m 3 

^ dused 

16.7 

kN/m 3 

€|tsed 

53.9% 

flused 

35% 

®uscd 

O 

O 

Tf* 

&D used 

71 8% 

O.M.C 

9.8% 

Dho 

0 65mm 

D50 

0.52mm 

c u 

3.6 

Cc 

0.93 

m.c 

5.3% 


Table 2. Typical properties of Netlon 
CEI21 geogrid 


Property 

Units 

Data 

Polvmer 

— 

PP 

Mesh type 

— 

Diamo 

Color 

— 

Blade 

Packing 

— 

Rolls 

Unit weight 

kg/m 2 

0.74 

Dimensions 

Aperture size 

mm 

6 > 8 

Rib thickness 

mm 

1.6/1 4 

Rib w'idth 

mm 

2/2.75 

Junction 

mm 

2.75 

Roll width 

m 

4 

Roll length 

m 

50 

The mechanical properties 

Peak Tensile 
Strength 

kN/m 

6.4 

Elastic modules 

Gpa 

0.39 

Upper yield 
strength 

Mpa 

5 

Lower yield 
strength 

Mpa 

5 

Tensile strength 

Mpa 

9 

Non-proportional 
extension strength 

Mpa 

6 

Total extension 
strength 

Mpa 

5 

Fracture 

elongation 

% 

-99 

Elongation at 
maximum load 

% 

6 

Total elongation 

% 

11 
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Table 3. Typical properties of Tensar SS2 


geogrid 


Property 

Units 

Data 

Polymer 

— 

PP 

Minimum carbon 

Black 

% 

2 

Roll width 

m 

4 

Roll length 

m 

50 

Unit weight 

kg/m 

2 

0.29 

Roll weight 

kg 

60 

Dimensions 

A l 

mm 

28 

At 

mm 

40 

Wlr 

mm 

3 

Wi* 

mm 

3 

t! 

mm 

3.8 

tLR 

mm 

1.2 

tlR 

mm 

0 9 

Rip shape 

Rectangular 

with square 

edges 

The mechanical properties 

Peak Tensile 

kN/m 

14 4/2 

Elastic modules 

GPa 

0.57/0 

Upper yield 

Mpa 

1 /3 

Lower yield 

Mpa 

1/3 

Tensile strength 

Mpa 

24/30. 

Fracture 

% 

-98/- 

Percentage 

% 

3 5/2. 

Total percentage 

% 

5/4.25 
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The weight of every empty pot was measured using a sensitive balance and the 
volume of pots was accurately determined by measuring the weight required to fill 
each pot After the air dried sandy soil was placed in the box according to the raining 
technique, i.e maintaining a dropping height of 800 mm in three layers, the thickness 
of each layers is 200 mm After each test, the sand box should be completely emptied 
A Triaxial test is performed to estimate the angle of internal friction and 
cohesion of soil The angle of internal friction G° is found to be 40° at peak strain 
level and the cohesion is zero The model box have a dimensions I m length. 0.5 m 
width and 06 m depth A steel plate with 0 48 m length. 0.135 m width and 0.01 ni 
thickness used to represent a footing model The loading frame and the required 
accessories are shown in Fig 4 

2.2 Model Configuration 

The model is performed as shown in Fig 5 The strip footing model is placed on 
the top of the soil surface in the model test box. The first layer of geogrids is placed at 
a depth of (u) equals to 0.25B The leftover depth is divided into two intervals, each 
of 0.375B. The same procedure is performed for the two types of geogrids. The tests 
conducted under plane strain conditions included the employment of side wall 
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lubrication and wide tank with a loading frame The tank dimensions are 500 mm * 
600 mm * 1000 mm in width, height and length respectively, the strip footing 
dimensions are 135 mm * 480 mm in width and length respectively. 



Figure 4. Loading frame and required accessories 
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Figure 5. Geometry' and top plan of the geogrid and footing model 
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2.3 The Datatronic 128-channel Automatic Data Acquisition System 

The 128-channel automatic data acquisition system has been designed and 
created to satisfy the requirements of all laboratories, even the most complex ones, 
and to considerably improve laboratory productivity and cost effectiveness. Data 
collection takes place completely automatically. A Windows based program with 
menu driven command selection is straightforward and easy to follow and does not 
require the attention of a skilled operator The device is capable of acquiring inputs 
from any type of transducer Strain Gauge Bridge, LVDT (Linear Variable 
Differential Transformer) with optional adapter. Potentiometer A continual live 
display of test diagrams is provided in addition to test data exportation with TXT files 
for consecutive processes, with Excel or other S\V A personalized printout of 
certificates and test diagrams is available. System configuration facilitated by a 5 key 
membrane keyboard with encoder for rapid setting. The system allows memorization 
of every - configuration and calibration Data logging (from the PC using the Windows 
based program) is facilitated by user-friendly software included in the Datatronic 
package The system allows setting for each channel the sampling type in linear form, 
square root form, logarithmic form and personalizable form, with frequencies from 
very fast (one second) to infinite, without reading limits (storage limits are linked to 
PC memory), w ith the possibility of delaying the start time. 

The dimensions of the unit are: 460 * 540 * 350 mm and Weight: 12 kg as shown in 
Fig 6 
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2.4 Calibration Method 

The datatronic 128-channel automatic data acquisition system reads the strain 
through an electric circuit as divisions The readings were calibrated using using 
single rib of geogrid and the strain gauge was fixed on the middle of the rib and tested 
by the computer controlled electronic universal testing machine. The strain gauge 
connected to strain gauge amplifier which by turn connected to the datatronic 128- 
channel automatic data acquisition system. The computer controlled electronic 
universal testing machine records the strain against time, the datatronic acquisition 
system records the divisions against the same time. Accordingly a calibration between 
divisions and strains was carried out and the following equation was obtained with 
coefficient of determination r 2 = 0.9689 

e = 5R 10 -® + 0.0002 

Where 

R is the reading of the automatic data acquisition system (divisions) 

The output reading of the unit is a strain (e), the elongation (A/) can be given by 
multiplying the strain (e) by the rib length (/). 

3. TESTS RESULTS 
3.1 Un-reinforced soil model test results 

The model is performed to the test of footing on soil without gcogrid The 
ultimate bearing capacity and load-settlement relation is shown in Fig. 7. The rate of 
loadings is I mm/s as a static loading The footing was placed on the upper free 
surface of soil The values of bearing capacity considered as a base value to 
investigate the improvement of soil using the geogrid From The relationship between 
bearing capacity and relative settlement (s/B %) of soil, it can be seen that the 
ultimate bearing capacity obtained for the strip footing was 234 3 kPa The relative 
settlement at the ultimate bearing capacity is 11.1% The point of ultimate bearing 
capacity' was easily marked on the load-settlement curve since the test is strain- 
controlled and the peak is clearly visualized 
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3.2 Reinforced soil model lest results 

Tests are perf ormed to study the effect of using geogrids to improve the bearing 
capacity of soil. Two types of geogrids (Netlon CEI21 and Tensar SS2) are used 
The relation between the ultimate bearing capacity (q) and the relative settlement (s/B 
%) is plotted as shown in Fig 8. From the figure it can be seen that Tensar SS2 type 
give a higher improvement in bearing capacity than the Netlon CE121 The bearing 
capacity ratio (BCR) is the ratio of bearing capacity with geogrids to the bearing 
capacity without geogrid For Netlon CEI2I geogrid, the (BCR) is 1.9 and for 
Tensar SS2 is 2.5 This is because of Tensar SS2 strength is higher than Netlon 
CEI2I The results give indication to which type of geogrids may provide better 
improvement of soil bearing capacity. 



3.3 Strain and Elongation Measurement Results 

On scrutiny of the nationally and internationally available literature, it appears 
that there is previous work on the straining mechanism occurring in the geogrid ribs 
during the application of foundation loading where the failure is progressive The 
distribution of strains in the geogrid ribs is very important to understand the 
enhancement mechanism of bearing capacity, to what extent there is a need to high 
stiffness/strength geogrids, and at which stress level the soil-grid bond may break To 
begin the tests with strain gauges for the strip footing, the strain gauges be distributed 
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to cover one side of footing reinforcement because of similarity of both sides. Strain 
gauges are fixed on the long rib because it has a higher strength and modulus of 
elasticity than the short rib The transverse direction (XMD long rib) of Tensar SS2 
was placed in the sand container in the direction of lateral strain (long direction of 
sand container) during loading in order to gain higher improvement Fixing of strain 
gauges on the mesh of geogrid and the distribution of strain gauges are show n in Fig. 
9 Table 4 shows horizontal distances of the strain gauges from the centerline of strip 
footing The same distribution is repeated for the second and third layer The 
centerline of the mesh of geogrid coincides with the centerline of strip footing. The 
arrangement of strain gauges is chosen with equal distance from the centreline of 
footing to the edge of mesh 
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Figure 9. (a) pasting operation (b) The 
distribution of strain gauges 


Table 4. Horizontal distances of the 
strain gauges from the centerline of strip 


Strum 

gauge 

number 

Distance of 

gauge (S) from 

the centre of 

footing (mm) 

Relative distance 

<d B) of gauge 

from centre of 

footing 

1 

40 

0295 

2 

80 

0593 

3 

120 

0.889 

4 

200 

1 48 

5 

280 

2.074 

6 

400 

2 96 

7 

440 

3.259 

8 

480 

36 
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3.4 Horizontal and vertical strain distribution results 

The distribution of strains occurring in strain gauges which are fixed on the 
geogrid ribs are demonstrated in Figs. 10 and 1 1. The values shown are recorded at 
the ultimate bearing capacity Table 4 had already show the distances of strain gauges 
shown in Fig. 10. The distance of the geogrid layers represent the distance of strain 
gauges under the footing in Fig II 

Figure 10 demonstrates the relationship between the horizontal distance, relative 
distance, and strain It has be found that the values of strain decrease when the strain 
gauge distance from the centerline of footing for each layer increase The location of 
the farthest strain gauge the value of 3.6B, which indicate the zone of the effect of 
stress. 

Figure 1 1 shows the relationship between the horizontal distance, relative 
distance, and elongation in geogrid ribs. They have the same behavior as in Fig. 10 
because of the linear relationship between the strain and elongation 
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Figure 12 shows the relationship between the depth of strain gauges which are 
represented by the depth of geogrid mesh under the footing and depth, relative depth 
The relationship is drawn for the values of strain at the ultimate bearing capacity. 
Strain decrease as the depth under footing increase slightly. The values of strain 
decrease to a small value for the third layer and for the furthest strain gauge 

Figure 13 explains the relationship between elongation and depth, relative depth 
of strain gauges The relationship show's how r the values of elongation in each rib of 
geogrid mesh The elongation decrease as well as the depth increases The elongation 
of strain gauges in the furthest layer and location are very small, that decided the 
results of researcher which are represent that the three layer of geogrid and 3.6B is the 
zone of soil stress in reinforcement soil by geogrid 
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4. CONCLUSIONS 

The main experimental program involved bearing capacity tests using strip 
footing model resting on sand with and without reinforcement. A special 
experimental program was designed to investigate the behaviour of strain occurring in 
the ribs of gcogrid during the bearing capacity tests using the appropriate strain 
gauges, a problem which is not covered yet Based on the experimental and numerical 
study the following conclusions may be drawn 

1- The highest values of obtained BCR are 1.9 when using Tensar SS2 and 2.5 
when using Netlon CE121 

2- The relative settlement at failure increases with the increase in the bearing 
improvement ratio (BCR). 

3- A significant effect on enhancing the ultimate bearing capacity' of strip is the 

geogrid rib stiffness; it appears that BCR increased when the stiffness becomes 

higher 

4- The effect of the horizontal distance from center line of footing and the 
vertical depth underneath footing base is very' significant on the strains and 
elongations occurring in the geogrid ribs. 

5- The strain and elongation of rib decrease along the horizontal direction away 
from center of footing and also decrease in the dow nward direction underneath 
footing base 

6- The strain and elongation have vanished in the third layer located at depth B 
beneath the footing. 
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